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(54) SUPPORT STRUCTURE OF COKE DRUM

(57) A support structure of a coke drum is provided
where the durability of the skirt joint part of the coke drum
is improved. In the coke drum including a drum body 1,
an inverted-cone-shaped bottom plate 3 connected to
the bottom of the drum body 1, and a cylindrical skirt 4
supporting the drum body 1, an annular joining piece 10
joining the drum body 1, the bottom plate 3, and the skirt
4 to one another is used. The joining piece 10 is a unitary
member including an upper body part 11 joined to the
lower end of the drum body 1, a lower inner leg part 13
joined to the upper end of the bottom plate 3, and a lower
outer leg part 14 joined to the upper end of the skirt 4.
The joining piece 10 has a monolithic form, and the drum
body 1, the bottom plate 3, and the skirt 4 are combined
by this joining piece 10, thus resulting in a structure with-
out a weld at a stress concentration point. This improves
fatigue endurance. Further, the monolithic piece shape
may be cut out by machining, so that it is possible to
obtain a shape that is less likely to allow stress concen-
tration to occur.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a support struc-
ture of a coke drum. More specifically, a coke drum is a
pressure vessel used in oil refineries, and is a piece of
equipment subjected to temperatures varying between
approximately 100 °C and approximately 500 °C during
operations. The present invention relates to a support
structure of a coke drum that reduces damage caused
by thermal stress due to such varying temperatures.

BACKGROUND ART

[0002] FIG. 10 illustrates a general view of a coke drum
A. A drum body 1 has a cylindrical shape. A head plate
2 is attached to the top of the drum body 1. An inverted-
cone-shaped bottom plate 3 is formed at the bottom of
the drum body 1. A cylindrical skirt 4 is attached around
the boundary between the drum body 1 and the bottom
plate 3. This skirt 4 is a support member for the coke
drum A, and is configured to be fixed onto a concrete
foundation 5 with bolts or the like.
[0003] The coke drum, which is a cylindrical vessel,
has the following features in particular.

1) Thin and large in diameter

[0004] A pyrolytic reaction that occurs in the coke drum
does not require a high pressure inside the vessel. A
consecutive pyrolytic reaction is caused by putting in
heated residual oil (the design pressure of the coke drum:
0.5 MPa [approximately 5 atm]). Because of a low design
pressure, the coke drum may be reduced in plate thick-
ness to result in a pressure vessel thin-walled and large
in diameter. For other pressure vessels such as reactors,
where a chemical reaction is caused by causing the in-
ternal pressure of the vessel to be high, the design pres-
sure is as high as approximately 1 MPa to approximately
10 MPa (approximately 10 atm to approximately 100
atm).

2) Repetitive thermal cycle between approximately 100 
°C and approximately 500 °C (cycle time: 12 hours to 24 
hours)

[0005] There is no concept of "metal fatigue" due to
thermal cycle repeated loading for common pressure
vessels, which are maintained in a certain high-temper-
ature state once operation is started.
[0006] On the other hand, the coke drum is a unique
vessel repeatedly subjected to a thermal cycle of approx-
imately 100 °C to approximately 500 °C to approximately
100 °C in an extremely short cycle of 12 hours to 24 hours
in its regular operation. Therefore, the drum repeats ex-
pansion and contraction during operations, so that there
is a problem in that the attachment part of a skirt is sub-

jected to the load of thermal stress of extremely large
amplitude, and is likely to be damaged by "metal fatigue."

3) Damage due to metal fatigue becoming apparent

[0007] The concept of "metal fatigue" due to thermal
cycle repeated loading is unique to the coke drum, which
operates with varying temperature in a short period of
time, among the pressure vessels.

4) Increase in fatigue damage due to shortened cycle 
time

[0008] Users have been trying to reduce operating cy-
cle time in order to make profits from producing more
light oil and coke through refining in a shorter period of
time. A shortened operating cycle results in reduction in
heating and cooling time, thus causing sharp changes
over time in the temperature distribution near the attach-
ment part of the skirt. This leads to "generation of a great-
er thermal stress," thus increasing fatigue damage.

5) No establishment of a design method that considers 
metal fatigue as a limit state

[0009] It is necessary from Item 2) above to design a
coke drum in consideration of "metal fatigue" due to ther-
mal cycle repeated loading, but such a designing method
is not yet established. As a result of not taking metal
fatigue due to a thermal cycle into consideration in de-
signing, the occurrence of fatigue damage have been
reported in many cases. Like for other pressure vessels,
however, designing considers only static temperature
and pressure, a dead load, a seismic load, a wind load,
etc.

6) Extremely heavy operating-time dead load of 2000 
tons to 3000 tons

[0010] The operating-time dead load is extremely
heavy because of residual oil and water put inside.
[0011] As described above, there are circumstances
that are unique to the coke drum and are not shared by
common pressure vessels. A typical conventional skirt
support structure is as illustrated in FIG. 11. A curved
thick steel plate is formed from the vertical drum body 1
to the sloped bottom plate 3. The upper end of the skirt
4 is welded to the neighborhood of the upper end of the
bottom plate 3 (that is, the boundary with the drum body
1). Reference sign 6 denotes the weld.
[0012] As described above, the coke drum is subjected
to repeated heating and cooling. As illustrated in FIG. 12,
the coke drum bulges outward near the joint part above
the skirt 4, but does not move below the skirt 4 because
the temperature does not increase (does not become
high), so that high stress is generated in the joint part
(see the drawing of (A)). On the other hand, when the
temperature decreases at a cooling time, the coke drum
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tries to return inward above the skirt 4, but also tries to
keep the high-temperature state below the skirt 4, so that
a deformation opposite to that of the drawing (A) remains
(see the drawing of (B)). According to the conventional
art, by repeating such expansion and contraction, cracks
are likely to be caused at the upper end of the attachment
part of the skirt 4, that is, near the weld, as indicated by
sign C in FIG. 11.
[0013] Therefore, the attachment part of the skirt has
a short useful service life, and may suffer from generation
of cracks as early as in about ten years.
[0014] Further, the conventional art of FIG. 11, which
performs joining only by welding, thus making it important
to control the quality of the weld, has a disadvantage in
that the durability depends on quality including the pres-
ence or absence of a welding defect and the finished
state of welding.
[0015] Patent Documents 1 and 2 illustrate conven-
tional art for support structures of coke drums.
[0016] The coke drum of Patent Document 1 has an
annular jacket formed around where a skirt is welded to
a drum. Cooling fluid is caused to flow through the jacket
during a quenching process during operations to reduce
metal stress around the weld.
[0017] The coke drum of Patent Document 2 supports
the bottom part of a drum vessel using a support element
that provides a large contact surface. The support ele-
ment has a bearing portion that tapers inward beneath a
knuckle that separates from the sloped lower section of
the drum vessel. The bearing portion is a funnel-shaped
member that extends along the sloped surface of the
drum vessel, and has a large contact surface. The sup-
port element has a narrow lower portion fixed onto a foun-
dation with bolts.
[0018] However, the conventional art of Patent Docu-
ment 1, which makes it necessary to cause cooling fluid
to flow through the jacket at the time of a quenching proc-
ess, has a disadvantage in that running costs are nec-
essary.
[0019] Further, according to the conventional art of
Patent Document 2, it is difficult to ensure such manu-
facturing accuracy as to cause the drum vessel and the
support element to be in surface contact. In practice, the
support element does not come into surface contact but
only comes into point or liner contact with the bottom part
of the drum vessel. The contact pressure is high where
contact is made with a narrow area as in this case. Thus,
there is a disadvantage in that deformation or distortion
is likely to occur, so that there has been no case of its
practical use.

Prior Art Documents

Patent Documents

[0020]

Patent Document 1: Japanese National Publication

of International Patent Application No. 2002-515089
Patent Document 2: Japanese Laid-Open Patent
Application No. 2007-277541

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0021] The coke drum has the above-described six
qualities, so that in the case of attaching a member to
the drum body by welding, a crack may be caused by
metal fatigue to extend to the drum body. Therefore, it is
a hard-and-fast rule of the coke drum to reduce members
to be welded to the drum body as much as possible.
[0022] In view of the above-described circumstances,
the present invention has an object of providing a support
structure of a coke drum that improves the durability of
the joint part of the skirt of the coke drum.

MEANS FOR SOLVING THE PROBLEMS

[0023] According to a support structure of a coke drum
of a first invention, the coke drum including a cylindrical
drum body, an inverted-cone-shaped bottom plate con-
nected to a bottom of the drum body, and a cylindrical
skirt supporting the drum body, an annular joining piece
joining the drum body, the bottom plate, and the skirt to
one another is used, and the joining piece is a unitary
member including an upper body part joined to a lower
end of the drum body, a lower inner leg part joined to an
upper end of the bottom plate, and a lower outer leg part
joined to an upper end of the skirt.
[0024] According to a support structure of a coke drum
of a second invention, in the first invention, the joining
piece has the lower outer leg part vertically extending
downward from the upper body part, and has the lower
inner leg part extending downward and obliquely inward
from the upper body part, and the lower inner leg part
and the lower outer leg part have respective inside edge
upper end parts thereof connected by a curved connect-
ing line.
[0025] According to a support structure of a coke drum
of a third invention, in the second invention, a heat insu-
lating material is stuck on respective surfaces of the drum
body, the bottom plate, the skirt, and the joining piece,
and a space surrounded by the lower inner leg part and
the lower outer leg part in the joining piece and a space
continuing therefrom and surrounded by a part of the
bottom plate and a part of the skirt define a hot box on
which the heat insulating material is not stuck.
[0026] According to a support structure of a coke drum
of a fourth invention, in the third invention, the inside edge
upper end parts of the lower inner leg part and the lower
outer leg part in the joining piece are connected by a part
of a circle.
[0027] According to a support structure of a coke drum
of a fifth invention, in the third invention, the inside edge
upper end parts of the lower inner leg part and the lower
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outer leg part in the joining piece are defined by a curved
line positioned above the inside edge upper end parts of
claim 3.
[0028] According to a support structure of a coke drum
of a sixth invention, in the fifth invention, a part of a circle
connected to an inside edge of the lower inner leg part
and a part of an ellipse connected to an inside edge of
the lower outer leg part are connected to define the
curved line.
[0029] According to a support structure of a coke drum
of a seventh invention, in the fifth invention, the curved
line is a parabola connected to an inside edge of the
lower inner leg part and an inside edge of the lower outer
leg part.
[0030] According to a support structure of a coke drum
of an eighth invention, in the fifth invention, a part of a
circle connected to an inside edge of the lower inner leg
part and a part of an ellipse connected to an inside edge
of the lower outer leg part are connected to define the
curved line, and a thick part greater in thickness than the
skirt is formed on an inside edge side of the lower outer
leg part.

EFFECTS OF THE INVENTION

[0031] According to the first invention, the joining piece
has a monolithic form, and the drum body, the bottom
plate, and the skirt are combined by welding with this
joining piece. Since welds are distant from a stress con-
centration point, fatigue endurance is improved. Further,
the monolithic shape of the joining piece may be cut out
by machining, so that it is possible to obtain a shape less
likely to allow stress concentration to occur. Accordingly,
from this point as well, a highly durable support structure
is obtained. Further, the joining piece may be combined
with the drum body, its bottom part, and the skirt by butt
welding. Therefore, no such high contact pressure as in
the case of surface contact is generated, nor is there
generated a deformation or distortion resulting from such
a high contact pressure. Further, there is no need to sup-
ply cooling fluid or the like during operations, so that no
running costs are necessary.
[0032] According to the second invention, both the up-
per body part and the lower outer leg part are vertical.
Therefore, the weight of the drum body is transmitted
vertically downward to the skirt via the upper body part
and the lower outer leg part, so that no bending moment
is exerted on the support structure. Accordingly, a highly
durable support structure is obtained.
[0033] According to the third invention, the presence
of the hot box allows heat to be quickly conducted from
the lower inner leg part to the lower outer leg part of the
joining piece to reduce a difference in temperature be-
tween the drum body and the skirt. Without the hot box,
the difference in temperature between the drum body
and the skirt would increase to generate a high thermal
stress because the thermal conduction of steel alone
cannot transmit temperature to the lower side of the skirt

attachment part although steel has a high thermal con-
ductivity. However, since the temperature difference is
reduced as described above, thermal stress is reduced
and a crack is less likely to be caused. Accordingly, a
highly durable support structure is obtained.
[0034] According to the fourth embodiment, the shape
is less likely to allow stress concentration to occur in ad-
dition to the thermal stress reducing effect due to the hot
box. That is, while stress due to the expansion and con-
traction of the skirt caused by the heating and cooling of
the coke drum is generated in the inside edge upper end
parts interfacing the lower inner leg part and the lower
outer leg part of the joining piece, these inside edge upper
end parts are defined by a part of a circle so that stress
concentration is less likely to occur and a crack is less
likely to be caused in the inside edge upper end parts.
Therefore, higher durability is obtained.
[0035] According to the fifth invention, the inside edge
upper end parts of the lower inner leg part and the lower
outer leg part of the joining piece are positioned above
the inside edge upper end parts of the third invention, so
that the hot box is larger in the upward direction. This
results in a wider range of temperatures followable from
the drum body to the skirt, thus increasing an area de-
formable in response to the expansion and contraction
deformation of the drum body in operation. As a result,
stress generated in the skirt or the joining piece is re-
duced, so that durability is improved.
[0036] According to the sixth invention, the curved line
connecting the inside edge of the lower inner leg part and
the inside edge of the lower outer leg part is a part of a
circle and a part of an ellipse that are connected, so that
the connecting angle of the curved line relative to the
inside edge of the lower outer leg part is reduced. This
further relaxes stress concentration, thus resulting in
higher durability.
[0037] According to the seventh invention, the curved
line connecting the inside edge of the lower inner leg part
and the inside edge of the lower outer leg part is a pa-
rabola, so that the connecting angle of the curved line
relative to the inside edge of the lower outer leg part is
reduced. This further relaxes stress concentration, thus
resulting in higher durability.
[0038] According to the eighth embodiment, like in the
sixth invention, a reduced connecting angle of the curved
line further relaxes stress concentration. In addition, the
lower outer leg part includes a thick part that is large in
thickness. This improves bending rigidity so that gener-
ated stress is further reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

FIG. 1 is a diagram illustrating a joining piece ac-
cording to the present invention.
FIG. 2 is a diagram illustrating a method of manu-
facturing a joining piece according to the present in-
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vention.
FIG. 3(A) is a diagram illustrating a position of a hot
box, and FIG. 3(B) is a diagram illustrating a structure
of the hot box.
FIG. 4(A) is a diagram of a temperature distribution
around the hot box, and FIG. 4(B) is a diagram illus-
trating an effect of the hot box.
FIG. 5 is a diagram illustrating structures of joining
pieces of Embodiments (1) to (4).
FIG. 6 is a diagram illustrating shapes of the joining
pieces of Embodiments (1) to (4), where (A) is a di-
mension table and (B) is a diagram illustrating defi-
nitions.
FIG. 7(A) is a diagram illustrating the structure of the
joining piece of Embodiment (3) in contrast to Em-
bodiment (1), and FIG. 7(B) is a diagram illustrating
another type of Embodiment 3.
FIG. 8 is a diagram of temperature changes during
the operation of the coke drum and thermal stresses
of the conventional case and Embodiments 1 to 4.
FIG. 9 is a graph illustrating the results of durability
tests on coke drums of the present invention.
FIG. 10 is a diagram illustrating a basic configuration
of a coke drum.
FIG. 11 is a diagram illustrating a conventional skirt
joining structure.
FIG. 12 is a diagram illustrating problems in the con-
ventional case of FIG. 11.

DESCRIPTION OF EMBODIMENTS

[0040] Next, a description is given, based on drawings,
of embodiments of the present invention.
[0041] In FIG. 1, a joining piece is denoted by 10. A
coke drum for which the joining piece 10 of the present
invention is used also includes the cylindrical drum body
1, the inverted-cone-shaped bottom plate 3 connected
to the bottom of the drum body 1, and the cylindrical skirt
4. The drum body 1 and the bottom plate 3 are not con-
tinuous, and are combined via the joining piece 10. Usu-
ally, steel plates forming the drum body 1 and the bottom
plate 3 re approximately 30 mm to approximately 50 mm
in thickness, and a steel plate forming the skirt 4 is ap-
proximately 20 mm to approximately 30 mm in thickness.
[0042] The joining piece 10 is a member having a mon-
olithic body, and includes an upper body part 11 joined
to the lower end of the drum body 1, a lower inner leg
part 13 joined to the upper end of the bottom plate 3, and
a lower outer leg part 14 joined to the upper end of the
skirt 4. The upper body part 11 and the lower inner leg
part 13 are equal in thickness to the drum body 1 and
the bottom plate 3, respectively. The lower outer leg part
14 is equal in thickness to the skirt 4.
[0043] The lower outer leg part 14 extends downward
from the upper body part 11. Both the upper body part
11 and the lower outer leg part 14 are formed to be vertical
to define a single-plane exterior surface. The lower inner
leg part 13 also extends downward from the upper body

part 11. The lower inner leg part 13 is inclined obliquely
inward relative to the lower outer leg part 14. The angle
of inclination of the lower inner leg part 13 is the same
as the angle of inclination of the bottom plate 3. This
structure causes a space 31 to be formed between the
lower inner leg part 13 and the lower outer leg part 14,
and makes it possible to configure a below-described hot
box 30.
[0044] The upper body part 11 of the joining piece 10
is combined with the lower end of the drum body 11 by
welding. Sign 15 denotes a weld resulting therefrom. The
lower inner leg part 13 is combined with the bottom plate
3 by welding. Sign 16 denotes a weld resulting therefrom.
The lower outer leg part 14 also is combined with the
skirt 4 by welding. Sign 17 denotes a weld resulting there-
from.
[0045] Each of the three welds 15, 16, and 17 is distant
from the neighborhood of the root of the lower outer leg
part relative to the upper body part 11, on which thermal
stress is likely to concentrate. Therefore, cracks are less
likely to be caused by thermal stress in the welds 15, 16,
and 17. This is one of the reasons for high durability even
with welding.
[0046] Next, a description is given of a method of man-
ufacturing the joining piece 10. In FIG. 1, sign 20 denotes
a material having a rectangular cross section before cut-
ting out the joining piece 20.
[0047] FIG. 2 illustrates a manufacturing method, and
the joining piece 10 is manufactured in the following proc-
ess.

I. Steel elongated members 20 are formed by forging
or the like. Their cross sections are rectangular. The
number of elongated members 20 used, which is
three in the illustrated case, is arbitrary.
II. The elongated members 20 are bent and curved.
III. The three curved elongated members are com-
bined by welding into a circular ring 22 at this stage.
IV. An inner portion 23 of the circular ring 22 is cut
off by machining.
V. An outer portion 24 and a lower portion 25 are cut
off.
By the above-described cutting processes IV and V,
the joining piece 10 of the present invention is ob-
tained. This means that inside edge upper end parts
interfacing the lower inner leg part 13 and the lower
outer leg part 14 may be freely shaped by cutting.
Therefore, it is possible to form a shape effective for
reducing thermal stress and a hot box by cutting out
the inside edge upper end parts with an appropriate
curved line.
VI. Once the joining piece 10 is cut out, the drum
body 1 and the bottom plate 3 are welded and com-
bined via this joining piece 10, and the skirt 4 also is
combined by welding.

[0048] FIG. 3 is a diagram illustrating the hot box 30.
As illustrated in the drawing of (A), a heat insulating ma-

7 8 



EP 2 489 719 A1

6

5

10

15

20

25

30

35

40

45

50

55

terial 7 is stuck on the exterior surface of the drum body
1, the exterior surface of the bottom plate 3, and both the
interior surface and the exterior surface of the skirt 4.
Further, as illustrated in the drawing of (B), the heat in-
sulating material 7 is stuck on the exterior surface of the
upper body part 11 and the exterior surface of the lower
outer leg part 14 of the joining piece 10.
[0049] On the other hand, the heat insulating material
7 is not stuck on the interior surface of the upper body
part 11, the interior surface and the exterior surface of
the lower inner leg part 13, or the interior surface of the
lower outer leg part 14 of the joining piece 10.
[0050] A heat insulating material 7a is laterally dis-
posed from an intermediate portion of the skirt 4 in its
height direction to the bottom plate 3.
[0051] Known glass wool or rock wool is used as the
heat insulating material 7.
[0052] According to this configuration, in a space com-
bining a space 31 between the lower inner leg part 13
and the lower outer leg part 14 of the joining piece 10
and a space 32 continuing downward from the space 31,
surrounded by the bottom plate 3, the skirt 4, and the
heat insulating material 7a, air is present with little air
moving in from or out to the outside, and the hot box 30
is defined that is thermally insulated by the heat insulating
materials 7 and 7a.
[0053] Heat is transferred by heat radiation around the
hot box 30, so that heat distribution around the hot box
at a high-temperature time is as illustrated in FIG. 4(A).
That is, the temperature is high in the drum body 1, the
bottom plate 3, and the joining piece 10 on the interior
side, which are subjected directly to heat (high density
portion), while the temperature is medium in part of the
skirt 4 that faces the hot box 30 (intermediate density
portion) and is low below the hot box 30 (low density
portion).
[0054] As described above, temperature propagates
quickly in the part of the hot box 30. An upper portion of
the skirt 4 near the hot box 30 becomes high in temper-
ature earlier than a lower portion of the skirt 4.
[0055] Therefore, as denoted by sign X in FIG. 4(B),
the skirt 4 bulges outward near the hot box 30. However,
since the deformation resistance is low because of high
temperature, the stress of the lower outer leg part 14 of
the joining piece 10 is reduced. In particular, a stress
generated at the terminal end part of the curved line in
the lower outer leg part 14 (a position where the curved
line connects to the inside edge of the lower outer leg
part, of which a description is given in detail below) is
reduced.
[0056] Next, a description is given, based on FIG. 5,
of embodiments of the joining piece 10.

(1) Embodiment 1

[0057] The inside edge upper end parts of the lower
inner leg part 13 and the lower outer leg part 14 in the
joining piece 10 are defined by a curved line positioned

above the inside edge upper end parts of Embodiment 4.
[0058] A part of a circle, cc, connected to the inside
edge of the lower inner leg part 13 and a part of an ellipse,
ep, connected to the inside edge of the lower outer leg
part 14 are connected to define this curved line. A stress
concentration point P is near the terminal end part where
the curved line ep connects to the inside edge of the
lower outer leg part 14.

(2) Embodiment 2

[0059] The inside edge upper end parts of the lower
inner leg part 13 and the lower outer leg part 14 in the
joining piece 10 are defined by a curved line positioned
above the inside edge upper end parts of Embodiment 4.
[0060] The curved line is a parabola pb that is connect-
ed to the inside edge of the lower inner leg part 13 and
the inside edge of the lower outer leg part 14. The stress
concentration point P is near the terminal end part where
the parabola pb connects to the inside edge of the lower
outer leg part 14.

(3) Embodiment 3

[0061] The inside edge upper end parts of the lower
inner leg part 13 and the lower outer leg part 14 in the
joining piece 10 are defined by a curved line positioned
above the inside edge upper end parts of Embodiment 4.
[0062] The part of a circle, cc, connected to the inside
edge of the lower inner leg part 13 and the part of an
ellipse, ep, connected to the inside edge of the lower
outer leg part 14 are connected to define this curved line.
The stress concentration point P is near the terminal end
part where the curved line ep connects to the inside edge
of the lower outer leg part 14. A thick part 15, which is
greater in thickness than the skirt 4, is formed in the lower
outer leg part 14. The stress concentration point P is in
this thick part 15.

(4) Embodiment 4

[0063] The inside edge upper end parts of the lower
inner leg part 13 and the lower outer leg part 14 in the
joining piece 10 are defined by the part of a circle, cc.
The stress concentration point P is near the terminal end
part where the curved line connects to the inside edge
of the lower outer leg part 14.
[0064] A description is given in more detail, based on
FIG. 6, of the joining pieces 10 of Embodiments 1 to 4.
[0065] The definitions of terms that describe features
of each embodiment are as follows. Further, signs α, L1,
L2, and L3 are as illustrated in FIG. 6(B).

(1) Connecting Angle α,

[0066] An intersection angle to a vertical line at a po-
sition 5 mm above the terminal end part of the curved line.
[0067] The terminal end part is a position where the
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curved line connects to the inside edge of the lower outer
leg part.
[0068] Stress concentration can be more relaxed with
a smaller connecting angle.

(2) Plate Thickness Shape Change Rate L1/L2

[0069]

L1: Distance from the terminal end part of the curved
line to the apex of the inside edge upper end part.
L2: Distance from the curving center to the terminal
end part.

[0070] If the plate thickness shape change rate is more
than 1.0, it is possible to prevent a sudden change in
shape from the joining piece to the skirt and to make the
distribution of stress generation uniform.

(3) Vertical Dimension Ratio L1/L3

[0071] The ratio of the vertical dimension to the overall
width L3 of the joining piece at the terminal end part.
[0072] As this ratio increases, the hot box increases in
size and the skirt 4 increases in flexibility, thus making it
possible to reduce generated stress.
[0073] In each embodiment, the inside diameter R of
the inside edge upper end part, etc., may be selected in
accordance with the size of the joining piece 10. From
the shape of the combination of the circle cc and the
ellipse ep in the respective embodiments, it is possible
to reduce the connecting angle α, increase the plate
thickness shape change rate L1/L2, and increase the ver-
tical dimension ratio L1/L3 compared with the conven-
tional structure (FIG. 11).
[0074] Features common to Embodiments 1 to 3 are
as follows.

a) In Embodiments 1 to 3, it is possible to make the
connecting angle α less than or equal to 1.0°. As a
result, metal fatigue strength becomes approximate-
ly 2.5 to approximately 3.3 times higher.
b) In Embodiments 1 to 3, structures are such that
the plate thickness shape change rate is more than
1.0. Therefore, a sudden change in shape is less
likely to be caused from the joining piece 10 to the
skirt 4, so that it is possible to make the distribution
of generated stress uniform.
c) In Embodiments 1 to 3, the apex of the inside edge
upper end parts is higher than in Embodiment 4, so
that the hot box is larger in vertical size. This allows
a larger area to follow a sudden change in the tem-
perature and the contraction and expansion defor-
mation of the drum body in operation. As a result,
the skirt has higher flexibility to relax generated
stress.
d) In Embodiment 3, the thickness of a part of stress
concentration is locally increased by the thick part

15. This improves bending rigidity to reduce gener-
ated stress.

[0075] A description is given, in comparison with Em-
bodiment 1, of features of Embodiment 3.
[0076] FIG. 7(A) illustrates Embodiment 1 on the left
side. Signs D1, D2, and D3 indicate a starting point D1,
an intermediate point D2, and a terminal end part D3 of
the curved line. The stress concentration point P is lo-
cated immediately above the terminal end part D3. FIG.
7(A) illustrates Embodiment 3 on the right side. Sign 15
denotes the thick part. As is clear from a comparison with
a part of sign 15’ of Embodiment 1, the thick part 15 of
Embodiment 3 is characterized by a greater thickness
near the stress concentration point P.
[0077] Embodiment 3 has a feature that a thickness t3
of the thick part 15 is greater than a thickness t1 of Em-
bodiment 1. As long as the thickness t3 can be increased,
the inside edge of the lower outer leg part 14 may be
caused to bulge inward as illustrated on the right side in
the drawing of (A) or the outside edge of the lower outer
leg part 14 may be caused to bulge outward to increase
the thickness t3 as illustrated in the drawing of (B).
[0078] Compared with Embodiments 1 and 2, the thick-
ness t3 of a part of stress concentration is locally in-
creased by the thick part 15 in Embodiment 3. This results
in an increase in bending rigidity and reduction in gener-
ated stress. Therefore, the metal fatigue life is longer in
Embodiment 3 than in Embodiments 1 and 2 as illustrated
in FIG. 9.
[0079] FIG. 8 illustrates temperature changes during
the operation of the coke drum and thermal stresses in
the conventional case and Embodiments 1 to 4.
[0080] While the details are described below, in gen-
eral, the range of thermal stress variations is more limited
in Embodiments 1 to 4 than in the conventional art, and
the capability of reducing thermal stress is higher in Em-
bodiments 1 to 3 than in Embodiment 4.
[0081] A description is given in detail below.
[0082] As the temperature of the coke drum increases,
the thermal stress increases up to 80 ksi in the conven-
tional case and up to approximately 55 ksi to approxi-
mately 65 ksi in Embodiments 1 to 4. The operating tem-
perature is kept constant after increasing, while the ther-
mal stress decreases to approximately 20 ksi and there-
after remains substantially at the same level. Thereafter,
with a decrease in the operating temperature, the thermal
stress is further reduced. The thermal stress is reduced
to the range of -20 ksi to -30 ksi in Embodiments 1 to 4
and to approximately -40 ksi in the conventional case.
This phenomenon shows that compared with a wide
range of thermal stress variations of 80 ksi to -40 ksi in
the conventional case, in Embodiments 1 to 4, the vari-
ation range has an upper limit of 55 ksi to 65 ksi and a
lower limit of -20 ksi to -30 ksi, thus being more limited
than in the conventional case.
[0083] This means that Embodiments 1 to 4 of the
present invention are lower in thermal stress and higher
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in durability than the conventional case.
[0084] Further, making a comparison between Em-
bodiments 1 to 3 and Embodiment 4 in FIG. 8, the upper
limit value and the lower limit value of thermal stress are
smaller, that is, the range of thermal stress variations is
more limited, in Embodiments 1 to 3 than in Embodiment
4. This is due to the size of the hot box 30. In other words,
the space 31 is greater, that is, the upper end of the space
31 is positioned higher, in Embodiments 1 to 3 than in
Embodiment 4. Therefore, the volume of the hot box 30
is larger so that heat conduction is faster to make quick
and flexible bending more likely in Embodiments 1 to 3
than in Embodiment 4.
[0085] The range of thermal stress variations appears
to be more limited in Embodiment 3 than in Embodiments
1 and 2 in FIG. 8. This is because there is stress reduction
due to formation of the thick part 15 in the lower outer
leg part in Embodiment 3 as described above.
[0086] FIG. 9 is a graph showing the results of dura-
bility tests on coke drums according to the present inven-
tion, illustrating the results of an FEM analysis under the
following conditions.

1) Analysis Conditions

· Method: Thermal stress analysis
· Model: 2-Axisymmetric model
· Software: Abaqus/Standard

2) Applied Code

· ASME Sec. VIII Div.2 2007 edition

3) Test Conditions
The lower end of the skirt 4 was axially immovable
and radially movable. The drum body and the bottom
plate were non-rotatable.
4) Coke Drum Specifications
Steel Type 1.25% chromium-0.5% molybdenum
steel (ASME standard: SA-387 Grade 11 Class 2)
Drum Body Inside Diameter 9800 mm
Bottom Plate Outlet Inside Diameter 1467 mm
5) Temperature Conditions
From start to 350 min.: Heating from approximately
100 °F (300 °F/hr)
From 350 min. to 1350 min.: Maintaining tempera-
ture (approximately 750 °F)
From 1350 min. to 1750 min.: Cooling (350 °F/hr)

[0087] FIG. 9 shows the number of times the above-
described cycle was repeated before resulting in fatigue
damage.
[0088] Compared with the durability of the convention-
al case, which is 3,056 times, Embodiments 1 to 4 of the
present invention are as follows:

Embodiment 1: 7,680 times (approximately 2.5 times
more)

Embodiment 2: 7,850 times (approximately 2.6 times
more)
Embodiment 3: 10,057 times (approximately 3.3
times more)
Embodiment 4: 5,920 times (approximately 1.9 times
more).

[0089] As described above, a support structure of a
coke drum according to the present invention can show
durability approximately two to approximately three times
higher than that in the conventional case.
[0090] According to Embodiments 1 to 4 of the present
invention, it is possible to combine a joining piece with a
drum body, its bottom part, and a skirt by butt welding.
Therefore, no such high contact pressure as in the case
of surface contact is generated, nor is generated a de-
formation or distortion resulting from such a high contact
pressure. Further, there is no need to supply cooling fluid
or the like during operations, so that no running costs are
necessary.

DESCRIPTION OF THE REFERENCE SIGNS

[0091]

1 drum body

3 bottom plate

4 skirt

10 joining piece

11 upper body part

13 lower inner leg part

14 lower outer leg part

30 hot box

Claims

1. A support structure of a coke drum including a cylin-
drical drum body, an inverted-cone-shaped bottom
plate connected to a bottom of the drum body, and
a cylindrical skirt supporting the drum body, wherein:

an annular joining piece joining the drum body,
the bottom plate, and the skirt to one another is
used, and
the joining piece is a unitary member including
an upper body part joined to a lower end of the
drum body, a lower inner leg part joined to an
upper end of the bottom plate, and a lower outer
leg part joined to an upper end of the skirt.
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2. The support structure of the coke drum as claimed
in claim 1, wherein:

the joining piece has the lower outer leg part
vertically extending downward from the upper
body part, and has the lower inner leg part ex-
tending downward and obliquely inward from the
upper body part, and
the lower inner leg part and the lower outer leg
part have respective inside edge upper end
parts thereof connected by a curved connecting
line.

3. The support structure of the coke drum as claimed
in claim 2, wherein:

a heat insulating material is stuck on respective
surfaces of the drum body, the bottom plate, the
skirt, and the joining piece, and
a space surrounded by the lower inner leg part
and the lower outer leg part in the joining piece
and a space continuing therefrom and surround-
ed by a part of the bottom plate and a part of the
skirt define a hot box on which the heat insulating
material is not stuck.

4. The support structure of the coke drum as claimed
in claim 3, wherein the inside edge upper end parts
of the lower inner leg part and the lower outer leg
part in the joining piece are connected by a part of
a circle.

5. The support structure of the coke drum as claimed
in claim 3, wherein the inside edge upper end parts
of the lower inner leg part and the lower outer leg
part in the joining piece are defined by a curved line
positioned above the inside edge upper end parts of
claim 3.

6. The support structure of the coke drum as claimed
in claim 5, wherein a part of a circle connected to an
inside edge of the lower inner leg part and a part of
an ellipse connected to an inside edge of the lower
outer leg part are connected to define the curved line.

7. The support structure of the coke drum as claimed
in claim 5, wherein the curved line is a parabola con-
nected to an inside edge of the lower inner leg part
and an inside edge of the lower outer leg part.

8. The support structure of the coke drum as claimed
in claim 5, wherein:

a part of a circle connected to an inside edge of
the lower inner leg part and a part of an ellipse
connected to an inside edge of the lower outer
leg part are connected to define the curved line,
and

a thick part greater in thickness than the skirt is
formed on an inside edge side of the lower outer
leg part.
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